and 14%), favouring rh-TSH therapy. Conclusion: This is the first blinded randomised clinical trial describing the effect of rh-TSH compared to L-T 3 THW on QOL in DTC patients. A significant difference was demonstrated, though smaller than described in previous non-blinded studies.
Introduction
The overall prognosis of differentiated thyroid cancer (DTC) is favourable, and previous reports describe a 30-year survival rate of approximately 75% [1, 2] . A trend towards even better survival rates has been reported in more recent publications, indicating a life expectancy close to the background population for low-risk patients [3] . These are typically younger patients with jobs and families. Therefore a possible decrease in treatment-related quality of life (QOL) will significantly impact their lives and may, from a patient's point of view, be unacceptable.
TSH-stimulated radioiodine (RI) therapy is an important tool in the treatment of DTC. This requires a high concentration of TSH in serum. Traditionally, this has been achieved by withdrawal of thyroid hormone re-placement therapy (THW) to induce an endogenous sensitive TSH (s-TSH) increase. A THW course of levothyroxine (L-T 4 ) for 4-6 weeks induces symptoms of hypothyroidism and a decrease in QOL [4] [5] [6] [7] .
To avoid the THW-induced decrease in QOL, the use of recombinant human thyrotropin (rh-TSH) has been suggested, and several studies have confirmed that the use of rh-TSH is comparable to endogenous TSH stimulation induced by L-T 4 THW. rh-TSH is therefore used for RI ablation therapy as well as to stimulate thyroglobulin secretion and iodine uptake for diagnostic purposes [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Previous studies have focused on comparing the safety of rh-TSH on the risk of recurrence of cancer, with open design QOL studies carried out concomitantly as a secondary end point. Results from these studies concluded that it was possible to avoid the decrease in THW-related QOL by using rh-TSH.
It is noteworthy, however, that no blinded randomised clinical trials have been carried out to verify the impact on QOL of rh-TSH compared to THW in these patients. Furthermore, no trials have evaluated a possible nocebo effect, which must be expected with THW.
Previous studies have been made on patients with an L-T 4 THW of 3-6 weeks or a mixture of L-T 4 THW and liothyronine (L-T 3 ) THW for 10-14 days. The advantage of using L-T 3 THW is that the half-life is shorter and thereby it is possible to shorten the withdrawal period to 10-14 days instead of 3-6 weeks.
The aim of this study was to conduct the first randomised clinical trial comparing QOL in patients with DTC treated with either rh-TSH or L-T 3 THW for 10 days before RI therapy or diagnostic RI uptake measurement.
Materials and Methods

Patients
Consecutive patients with DTC treated by total thyroidectomy and indication of postsurgery RI ablation therapy were included in the study.
Patients with age <18 or >75 years, as well as patients not able to give informed consent, pregnant or lactating patients were excluded from the study.
Patients were asked to participate in the trial at their first visit after surgery. All patients included had a post-RI ablation scintigraphy performed and a second TSH-stimulated RI scintigraphy and thyroglobulin measurement 4-6 months later. All patients received L-T 3 substitution after surgery and during the study period.
Design
A double-blinded, placebo-controlled, cross-over study. The patients were randomised to one of the following two groups:
• To continue with L-T 3 and to receive rh-TSH stimulation with 0.9 mg Thyrogen ® (Genzyme) × 2 days minus 1 and 2 prior to RI therapy, and following this to have placebo tablets and placebo injections with isotonic NaCl prior to the RI uptake measurement 4-6 months later • To receive the placebo treatment in connection with the primary RI therapy and the T 3 tablets and rh-TSH injections prior to the second RI uptake measurement Placebo tablets were produced by Glostrup Pharmacy. They were similar to the T 3 tablets used -L-T 3 20 μg from Nycomed. Both placebo and T 3 tablets were packed in identical boxes and labelled for the individual patient. The placebo injections were given by an unblinded nurse, who was not otherwise involved in the clinical trial.
Block randomisation was used: for every 10 patients, 5 were randomised to rh-TSH in the first period and 5 to receive rh-TSH in the second period.
Two departments participated in the study: the Departments of Oncology at Herlev University Hospital and Odense University Hospital.
Methods
QOL was evaluated using a questionnaire, SF-36, according to the Danish version [20] focusing on the following items: general health, vitality, social functioning, and mental health (0-100, 100 = best). Two visual analogue scales (VAS) were used (0-100, 0 = best). One scale evaluated physical and one psychological symptoms. QOL was measured before changes in medication in both periods, in relation to the primary RI ablation therapy and in relation to the iodine uptake 4-6 months later.
s-TSH was measured using Immulite 2500, with normal range 0.4-4.0 mU/l, inter-and intra-assay coefficient of variation approximately 5% (Herlev), or Immulite 2000, with normal range 0.3-4.0 mU/l, inter-and intra-assay coefficient of variation approximately 5% (Odense).
s-TSH was measured concomitantly with the QOL measurements. 
Registrations
Statistical Analyses
Power calculation was based on the following parameters from SF-36: 80% power, α = 0.05, minimal important difference 10 points. To evaluate general health, 43 patients were required, for social functioning 56, for mental health 34 and for vitality 45. It was decided to include 56 patients [20] . Data was compared by t test (for continuous variables) and Wilcoxon rank sum tests (for ordinary variables). Calculations were made using R statistical software version 2.9.0 (R Foundation for Statistical Computing, Vienna, 2009). All p values are two-sided.
The period effect was estimated between intervention period 1 and intervention period 2. The period effect was analysed by paired sample t tests. Calculations of treatment effects were made by a 2-way analysis of variance. Treatment and placebo effects were cal-culated as post hoc tests and corrected for multiple comparisons with the Bonferroni-Holm method [21] . As the study included several end points, a false discovery rate method was used to correct for multiple tests [22] . The analysis was made as 'under-treatment' analysis, and drop-out/excluded patients during the study were excluded from the final analysis.
Patients
Fifty-six patients (16 men and 40 women) completed the study. The median age was 46 years (range 23-71). Twenty-five patients received rh-TSH in the first period and 31 in the second. The starting dose of T 3 was 40-60 μg/day, with the intention of achieving a full suppression of TSH, without major side effects; see figure 1 for consort diagram, and table 1 for baseline characteristics. All patients had postsurgery RI ablation therapy with 131 I -3.7 GBq.
Results
Sensitive TSH s-TSH values before changing medication and related to THW and rh-TSH are seen in table 2 .
No significant difference was observed comparing s-TSH prior to the first and second RI treatment/uptake. When comparing THW and rh-TSH stimulation, a significantly lower s-TSH was observed in patients on THW (median: 56 mU/l, quartiles 40-75) compared to rh-TSH (median: 88 mU/l, quartiles 71-110; p < 0.001). No difference in s-TSH according to which period the rh-TSH was given (first or second) was observed. Table 3 describes the difference between the SF-36 domains and VAS scores related to THW and rh-TSH stimulation.
Quality of Life
A significant difference in QOL on rh-TSH versus THW was observed in 2 of 4 preselected SF-36 domains (social functioning and mental health) with a mean difference of 7.2 and 6.6 points, respectively ( table 3 ; fig. 2 ). Evaluated by VAS scales, a similar significant difference was seen for physical symptoms at 14, and of psychologically symptoms at 10 points, indicating a higher QOL following rh-TSH than THW ( table 3 ; fig. 2 ). However, large individual differences were observed with a range of score from approximately -50 to +50% in all domains ( fig. 2 ) .
A significantly higher QOL was observed in all domains (p < 0.001) before changing medication prior to the second study period compared to the first. However, no period effect could be detected on QOL the day of RI ablation/uptake comparing patients having rh-TSH in the first or second period.
No correlation was observed comparing the pretreatment QOL scores to the effect of rh-TSH. 
Discussion
Several studies have been published describing the impact on QOL of rh-TSH compared to THW. In all trials the premise for conducting these studies was that QOL would be preserved when THW was substituted with rh-TSH. The primary objective of these studies was therefore to prove the efficacy and safety of rh-TSH, i.e. the rise in s-TSH induced by rh-TSH would result in an equal rise in s-TSH compared to the endogenous s-TSH rise following THW and ultimately confirmed by equality of disease-free survival [8, 10, 11, 13, 16, 19] .
The effect on QOL has been described in 9 previous trials ( table 4 ) involving more than 2,000 patients: 1 study presents data based on a questionnaire [14] [8, [16] [17] [18] [19] . However, none of these trials were blinded and QOL, in most of the studies, was measured as a secondary outcome. Different methods have been used to evaluate QOL: SF-12, SF-36, Billewicz, FACIT, VAS scores and sick leave. However, in all of the trials the authors describe a highly significant improvement in QOL using rh-TSH compared to THW.
The nocebo effect (from the Latin nocoebo, 'to harm') is associated with a person's prior expectations regarding adverse effects from treatment, which can induce both somatic and psychological symptoms. The phenomenon is common in clinical practice and has recently become a subject of research and discussion among general scientists as well as clinicians and ethicists [23, 24] . Thyroid cancer patients are very aware of their inability to produce thyroid hormone themselves, and being dependent on thyroid hormone medication. Therefore the patients will expect a decrease in QOL when thyroid hormones are withdrawn for several weeks. To prove that the use of rh-TSH actually does prevent a decrease in QOL, a blinded trial was considered pertinent. Therefore, although the use of rh-TSH has been accepted for a decade, we found it relevant to perform a blinded placebo-controlled trial.
The use of L-T 3 as bridging has been suggested to reduce the period of THW, and the rationale for this is the shorter half-life of L-T 3 -approximately 12 h -compared to 1 week using L-T 4 . By this method it is possible to reduce the THW period from 3-4 weeks to 10-14 days, and still achieve the intended s-TSH of more than 30 mU/l [12] . Three trials have compared QOL using L-T 4 THW alone versus bridging with L-T 3 and a shorter THW period [9, 15, 25] . Dueren et al. [9] compared 72 patients in whom a period of L-T 3 bridging was used and a THW of L-T 3 for 2-3 weeks was compared with L-T 4 THW for 4-5 weeks. At the follow-up no difference in QOL was found. In accordance with this, Schroeder et al. [15] were unable to detect a difference in QOL using a bridging period of L-T 3 , but did question the length of hypothyroid symptoms; however, the design of the study did not permit them to evaluate this issue. This question, however, was addressed by Leboeuf et al. [25] evaluating QOL in 20 patients in a blinded study using the Billewicz score several times during the period. They demonstrated that bridging with L-T 3 and a THW of 3 weeks could not prevent profound hypothyroidism. In our study it was confirmed that 10 days of L-T 3 THW were sufficient to increase s-TSH to more than 30 mU/l.
It is important to identify a minimal level of change consistent with real, as opposed to statistically significant, benefits by using a QOL questionnaire [26, 27] . In our trial using SF-36, we found a small, but significant difference of 7.2 points in social functioning and 6.6 points in mental health, and one may question whether these differences are actually within the limits of human discriminative ability. It is generally agreed upon that the minimal important difference in analyses of QOL using SF-36 are 5-10 points -or half of the SD, which, in most studies including ours, approximates 10 points. Therefore, the general recommendations are to set the minimal important difference to approximately 10 points, which we used in our power calculation. However, our results showed a minor (7.2 and 6.6 points) but significant difference in 2 of 4 scales and large individual differences. This, combined with a difference of 10-14 points evaluated by VAS scores, indicates a clinically significant difference.
Many factors can potentially affect QOL, and a study by Taïeb et al. [17] described that changes in QOL were dependent on initial scores. In our study, large individual changes were observed and no correlation was found between initial levels of QOL and the effect of rh-TSH versus THW. Impaired physical performance is another important factor to be considered, and in our study this parameter (on a VAS scale) had the highest difference of 14% in this group of younger patients with a median age of 46 (range 23-71). Previous studies by Borget et al. [14] and Dueren et al. [9] have described a significant difference in sick leave comparing withdrawal with rh-TSH stimulation, however in an unblinded design. This could indicate that impaired working ability had a significant effect on QOL and could also have an overall social economic impact.
The impaired physical performance could be related to adverse cardiac effects and a risk of heart failure. Several studies have confirmed the adverse cardiac effects due to overt or subclinical hypothyroidism (see Biondi [28] for a comprehensive review). However, exact data on the acute effect of hypothyroidism on the heart is lacking. Our study could have improved by a registration during hypothyroidism of sick leave and an evaluation of the acute effects on the heart by e.g. a myocardial scintigraphy or echocardiography Several possible advantages can be gained by using rh-TSH:
• A decreased residence time of RI in the remnant thyroid cells and hereby reduced exposure of various organs, including the bone marrow, to RI [29, 30] • Avoidance of even short-term hypothyroidism, which is particularly desirable in older patients suffering from heart disease and hypertension [31] • Better compliance, due to a reduction in the patient's fear of decreased QOL related to THW [32] • A simpler regime using L-T 4 throughout the follow-up without any interruption of the medical substitution treatment Several weaknesses in our study should be mentioned: • A comparison with THW of L-T 4 would have been of interest; however, comparing both regimes was not feasible • The s-TSH levels were significantly different comparing the two periods, with an s-TSH at a median 56 mU/l on L-T 3 THW compared to a median 88 mU/l on the rh-TSH stimulation; the significance of this is unknown • A relatively small number of patients were included in the study, although a significant result was observed
Conclusion
This is the first blinded randomised clinical trial which describes the effect of rh-TSH compared to L-T 3 THW on QOL in DTC patients, and we demonstrated a significant difference in 2 out of 4 SF-36 domains and 2 VAS scores. The differences were, however, smaller than described in previous non-blinded studies and the cumulative effect of avoiding THW and a possible nocebo effect must be taken into account. Our overall recommendation is to use rh-TSH as a standard treatment instead of L-T 3 THW due to the possible advantages of using the simpler regime by continuing the L-T 4 therapy. However, in countries/hospitals with a limited budget the use of rh-TSH may be preserved for older and more fragile patients.
